INTRODUCTION
Supplementation of grazed herbage with other forages (buffer feeding) has been claimed to be an effective method of increasing dry matter (DM) intake in grazing dairy cows as reviewed by Phillips (1988) . In all the experiments carried out using this system, forage supplement intakes for groups of animals were reported, since no accurate method was available to measure individual intakes. However, accurate evaluation of this supplementation system would be greatly improved by a knowledge of individual animal intakes of the supplementary forage, which would help to explain interactions between animal characteristics, supplemental forage and grazed herbage intakes.
When offering supplementary forages to grazing ruminants, the opportunity exists for individuals to consume different proportions of the supplement and the grazed herbage and, consequently, their total diet can be of very different composition. In addition, potential interactions between the feeds could result in different total diet digestibilities as a result of varying proportions of the diet components. It is, therefore, important when estimating forage intakes in these experiments that a marker system is used which does not depend on a knowledge of diet digestibility. The use of metal oxide based techniques is inappropriate since these depend on estimates of digestibility in vitro (Le Du & Penning 1982) . Metal oxide based techniques use the concentration of the metal oxide in the faeces to estimate faecal output and then estimates of digestibility in vitro are used to calculate forage intake. A system of two different metal oxides, such as chromic oxide and titanium dioxide, one dosed in a known amount and the second incorporated into the forage supplement could, in principle, be used to estimate intakes from two different forages. However, such a system would be subject to errors caused by digestibility interactions between the two forages. The use of indigestible plant components to determine digestibility avoids these problems, but such markers have rarely been used because of difficulties in obtaining reliable analyses of plant and faecal material. However, hydrocarbons of plant cuticular wax (predominantly odd-chain n-.   . .  alkanes) together with dosed even chain n-alkanes have recently been used successfully as markers for estimating intake (Mayes et al. 1986 ; Dove & Mayes 1991) .
The use of n-alkanes to estimate intake of herbage, as the sole feed, by dairy cows (Dillon 1989 ; Stakelum & Dillon 1990) and herbage intake when supplemented with a known quantity of a concentrate supplement (Dillon & Stakelum 1990 ) has been adequately validated. An experiment was, therefore, carried out to investigate the potential of n-alkanes as markers to estimate herbage and supplementary grass silage intakes in dairy cows in a situation where grazed grass was available throughout the day and the grass silage supplement was available during two restricted periods during the day. The differentiation between the two forages is dependent on the n-alkane patterns being different. However, since both silage and grazed herbage in this experiment originated from the same perennial ryegrass sward, the n-alkane patterns were likely to be similar. Therefore an additional marker, hexatriacontane (C $' ) was added to the silage in order to improve discrimination between silage and grazed herbage. Supplementary forages are frequently consumed as large meals. This could have implications for the diurnal pattern of excretion for the different n-alkanes. The experiment, therefore, examined the effect of two different faecal sampling routines (morning and evening) upon estimates of silage and herbage intakes.
MATERIALS AND METHODS
Eighteen spring calving Holstein\Friesian cows with a mid-calving date of 23 February 1991 and producing on average 22n8 kg milk per day were paired on the basis of milk yield, liveweight and parity. One animal of each pair was then allocated to one of two groups in order to provide two independent estimates of group silage intake. The animals grazed a 3n6 ha field of predominantly perennial ryegrass (Lolium perenne cv. Perma) which was divided into two equal paddocks of 1n8 ha which were grazed continuously by each group of cows. In addition, each animal received 1n9 kg DM per day of a standard concentrate throughout the experimental period which had oven-dry matter, metabolizable energy (ME) and crude protein (CP) concentrations of 870 g\kg, 12 MJ\kg DM and 200 g\kg DM respectively.
The cows were allowed access to the silage for c. 1 h and 15 min after each milking in a feed passage in separate groups. This, together with specific paddocks for each group, allowed group supplement intake to be independently estimated for each group. The forage supplement was a grass silage with DM, ME and CP concentrations of 200 g\kg, 11n6 MJ\kg DM and 167 g\kg DM, which was produced from the sward that was subsequently grazed. Group silage intakes were measured daily over a 12-day period from 22 July to 2 August 1991. Individual silage intake and the ratio of silage to total forage intake (silage : total ratio) were estimated using n-alkanes. Animals were dosed twice daily (after milking) with paper pellets containing 627 mg dotriacontane (C $# ) impregnated into shredded paper. The silage was additionally marked with hexatriacontane (C $' ). The C $' was diluted in heptane (33 g of C $' per litre of heptane) which was then mixed with oven-dry soyabean meal (90 ml of solution per kg soyabean meal) in a concrete mixer for 10 min. This was then left spread onto a plastic sheet until all the heptane had evaporated. The marked soya was then heated to 95 mC to glaze the soya particles with C $' . The resulting loading was 2n8 g C $'
per kg soyabean meal. The soyabean meal with the C $' marker was mixed with the silage in a mixer wagon in a ratio of 1 kg soyabean meal to 125 kg fresh silage daily. During the last 5 days of the 12-day dosing period, faecal grab samples were taken from each animal after morning (AM) and afternoon (PM) milking. These samples were bulked to give one AM and one PM sample for each animal. During these 5 days, herbage samples were collected by hand plucking. Ten herbage samples were plucked from two paddocks (one per paddock per day for 5 days). Ten silage samples were collected (one per group per day for 5 days). All samples were frozen to k20 mC and freeze-dried at a later date.
The analysis of the freeze-dried forage samples and faeces samples for n-alkanes was carried out as described by Mayes et al. (1986) , with the modification that the milled samples were treated directly with ethanolic KOH solution, and a glass wide-bore capillary column (Supelco SPB1 30 mi0n75 mm o.d.) was used for the gas chromatographic analysis. The silage intake and the silage : total forage ratio were calculated using three calculation methods. In method 1, the proportion of the silage : total forage ratio was estimated using the odd-chained n-alkanes C #( -C $& . An iterative routine (Microsoft  ) minimized the sum of squares of the discrepancy between the observed n-alkane faecal concentrations (expressed as a proportion of total alkane content and corrected for their recoveries) and expected faecal nalkane concentration (not corrected for their recovery) calculated from the n-alkane content of the two forage components. This method has been described before by Mayes et al. (1994) and is different from the method suggested by Dove & Mayes (1991) , which only uses one n-alkane pair. Newman et al. (1995) described a least-squares method using matrix mathematics. The method used here is similar in that it uses all available information and not only one pair of nalkanes. The method is different from that of Newman et al. (1995) in that the n-alkanes with the highest concentration will have potentially the largest influence on the predicted ratio of the two forage components. In method 2, the same calculations were carried out but the C $' concentration was added to the C #( -C $& range of odd-chained n-alkanes. For both method 1 and method 2, total forage intakes were then estimated by calculating the C $# and C $$ concentration in the diet of each animal using the previously calculated silage : total forage ratio and using the formula of Dove & Mayes (1991), which takes into account the concentrate consumption. In method 3, the dosed n-alkane C $# was used to estimate total faecal output, which was then used to calculate total faecal excretion of C $' from the measured faecal concentration. When corrected for its faecal recovery, this allowed the calculation of buffer feed intake from the concentration of C $' in the forage buffer. Total forage intakes were calculated using the standard intake formula as described by Dove & Mayes (1991) using silage buffer intake and the concentrate as the supplement. These values were then used to calculate silage : total intake ratios. The recoveries of the different n-alkanes were assumed to be as reported by Stakelum & Dillon (1990) .
Means of n-alkane concentrations in the forages using the 10 forage samples were calculated and presented with a standard error and the means of five daily measured group intakes from the silage buffer feed were calculated and expressed with a standard error. The differences between the means of groups, sampling time and calculation method were examined using the statistical package  5 (Lawes Agricultural Trust 1990) using . The data were analysed as a split-plot design with cow as the main plot and sampling time (AM or PM) within cow as the subplot, resulting in 16 residual degrees of freedom for the comparison of sampling regime and its interaction with group.
RESULTS
The concentrations of n-alkanes were higher in grass silage than in the fresh herbage while the concentration of the n-alkanes in the concentrates was low (Table 1) . The mean group intake estimated by weighing was Table 1 . Mean (n l 10) n-alkane concentration (mg per kg DM ) of hand-plucked grass, offered silage and concentrate 
* Measured intake based on group intake l 6n8 kg DM per day.
7n1 kg DM per day (.. l 0n67) for group 1 and 6n4 kg DM per day (.. l 1n01) for group 2, resulting in an overall silage intake of 6n8 kg DM per day. For method 1 (C #( kC $& ), both sampling methods gave accurate estimations (Table 2) 
) and method 3 (C $' ) resulted in an overestimate of silage intake for both faecal sampling routines except for the PM sampling routine in method 3 (C $' ). When comparing sampling routines within method 2 and method 3, the estimate based on the AM faecal samples was significantly (P 0n001) higher.
In Table 3 , the group differences using method 1 are presented in order to illustrate the potential of the technique. Group differences in terms of silage buffer intake were significant (P 0n05). For group 1, silage intake was overestimated, while group 2 silage intake was underestimated by both sampling routines. No significant differences (P 0n05) due to sampling routine and interactions between group and sampling routine were observed when using method 1.
DISCUSSION
This study showed that the n-alkane technique can be used to estimate intakes of silage supplements accurately in dairy cows grazing perennial ryegrass pasture, using the naturally occurring odd-chained nalkanes in the two forages. Since the intakes of the buffer forage supplement were included in two large meals during the day, there was considerable potential for diurnal variation in faecal n-alkane excretion. No significant differences between the two sampling routines could be detected when using the naturally occurring n-alkanes. However, the addition of C $' did result in differences between sampling routines, indicating that diurnal variation in n-alkane excretion might occur, especially if the n-alkane is added to the forage supplement. The results indicate that C $' can be added to a silage with reasonable accuracy as indicated by the .. value of the C $' concentration in the silage (Table 1) although the .. was larger in absolute terms by a factor of 2. Two possible reasons could explain the differences found in sampling technique when using C $' . The first reason could be that the soya particles (to which the C $' was added), which are relatively small compared to silage or herbage particles, leave the rumen relatively quickly as discussed by Sutherland (1988) , which could result in a diurnal faecal excretion pattern of the n-alkane, in this case C $' . A second reason could be the tendency of plant and dosed alkanes to distribute differently between the particulate and liquid phases of digesta (Mayes et al. 1986 ) which have different rates of passage. This could result in different diurnal excretion patterns of the n-alkanes of plant origin and the artificial n-alkanes.
The data collected in this work do not suggest a satisfactory explanation of the overestimation of silage intake when using method 2 or method 3. The significant differences due to sampling routine found do, however, indicate that diurnal variation in excretion patterns is important when n-alkanes are added to the supplement. The implication of the latter is that if n-alkanes are to be used to determine intake in forage supplementation studies, the forage supplement should contain naturally occurring n-alkanes at measurable concentrations and have a pattern of nalkanes which is different from that of the other forage.
